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(54) Laser beam welding apparatus 

(57) After a workpiece (W) introduced into a welding 
station by a feed mechanism (1 4) is positioned and fixed 
in the welding station, the workpiece (W) is welded by 
laser beams (L) guided by scan heads (26, 28, 84, 86, 
88, 90, 100, 102, 116, 118, 120, 122, 136, 138). Each 
laser beam (L) is applied from one of the scan heads 



(26) to a location on the workpiece (W) through a beam 
path switching mirror (34) of a beam path switcher (30) 
to weld the location on the workpiece (W). Thereafter, 
the beam path switching mirror (34) is retracted to guide 
the laser beam (L) from another one of the scan heads 
(28) to another location on the workpiece (W) to weld 
the otheTTocatloTi^n ffie workpiece (W). 
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Description 

The present invention relates to a laser beam weld- 
ing apparatus for welding a workpiece at a plurality of 
locations thereon efficiently with a laser beam. 

Description of the Related Art: 

It has heretofore been customary to rely on resist- 
ance spot welding robots for welding inner and outer 
panels of automobile bodies. The resistance spot weld- 
ing robots have a welding gun movable for successively 
welding various locations on an automobile body which 
has been loaded into a welding station. 

Since the welding gun is relatively heavy, however, 
it takes a relatively long time to move the welding gun 
from one welding location to another on an automobile 
body and therefore the welding gun cannot weld the au- 
tomobile body efficiently. One solution to this problem is 
to use a plurality of resistance spot welding robots for 
welding an automobile body within a reduced period of 
time. 

Using such plural resistance spot welding robots 
poses another drawback in that it results in increased 
investments in the welding facility and also in a welding 
line of increased length because of a large installation 
space required by the resistance spot welding robots. 
Because the welding gun of resistance spot welding ro- 
bots has welding tips that are held in contact with a work- 
piece to be welded, it is necessary to take into account 
various adverse effects which the welding tips suffer, e. 
g., adhesion to the workpiece and wear of the welding 
tips. Specifically, the welding tips need to be monitored 
at all times, and when the welding tips adhere to the 
workpiece, the welding line have to be shut off, and suit- 
able actions have to be taken to remove the welding tips 
from the workpiece. The welding tips should also be 
dressed periodically to keep themselves under condi- 
tions for optimum welding performance. 

To eliminate the foregoing difficulties imposed by 
the resistance spot welding robots, it is been proposed 
to employ a welding robot for welding automobile bodies 
with a laser beam as disclosed in Japanese laid-open 
patent publication No. 4-220187. According to the dis- 
closed welding robot, a laser beam application head 
mounted on the tip end of an arm of the welding robot 
is moved closely to a location to be welded on the au- 
tomobile body and then welds the location on the auto- 
mobile body. Inasmuch as the welding robot uses a laser 
beam, it is free of the problems of adhesion to the work- 
piece and wear of welding tips. 

However, the laser beam application head cannot 
be moved at a high speed because it needs to be posi- 
tioned in the vicinity of a desired location to be welded 
in a manner to coordinate with movement of the welding 
robot. 

Japanese patent publication No. 4-36792 reveals a 
plurality of welding heads that can be positioned near a 
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location to be welded on a workpiece. The angle of a 
plane mirror is adjusted to selecfa^esired one of the 
welding heads, and the selected welding head is used 
to apply a laser beam to the location to be welded on 
the workpiece for thereby welding the workpiece at the 
location. The disclosed welding apparatus can weld the 
workpiece at a plurality of locations in a relatively short 
period of time. 

One problem with the disclosed welding apparatus 
is that since the welding heads are fixed with respect to 
the workpiece, they cannot perform a seam welding 
process, which is a continuous welding process, though 
they can spot-weld the workpiece. Furthermore, be- 
cause as many welding heads are required as the 
number of locations to be welded, the welding apparatus 
is expensive to manufacture. The positions and number 
of welding heads need to be changed depending on the 
type of workpieces to be welded, and such a changing 
process is tedious and time-consuming to carry out. in 
addition, the welding heads that are positioned closely 
to locations to be welded on a workpiece tend to be 
smeared by spatterTp rdo 1 u ced when the welding heads 
weld the workpiece, resulting in a reduction in the accu- 
racy with which the welding heads weld the workpiece. 

It is an aim of the present invention to provide a laser 
beam welding apparatus which is capable of welding a 
workpiece highly accurately and requires minimum in- 
vestments in the welding facility and a minimum instal- 
lation space. 

Another aim of the present invention is to provide a 
laser beam welding apparatus which is capable of mov- 
ing a laser beam at a high speed with respect to a loca- 
tion to be welded on a workpiece for thereby welding the 
workpiece. 

Still another aim of the present invention is to pro- 
vide a laser beam welding apparatus which can perform 
both a spot welding process and a seam welding proc- 
ess. — — — 

Yet still another aim : of the present invention is to 
provide a laser beam welding apparatus which can weld 
a workpiece continuously without suffering spatters that 
are produced when the workpiece is welded. 

The above and other aims, features, and advantag- 
es of the present invention will become more apparent 
from the following description when taken in conjunction 
with the accompanying drawings in which a preferred 
embodiment of the present invention is shown by way 
of illustrative example. 

Embodiments of the.prQ.acnt invention will now be 
described, by way of example only, with reference to the 
accompanying drawings in which: 

FIG. 1 is a front elevational view of a laser beam 
welding apparatus according to the present inven- 
tion; 

FIG. 2 is a side elevational view of the laser beam 

welding apparatus shown in FIG. 1; and 

FIG. 3 is an enlarged vertical cross-sectional view 
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of a scan head and a beam path switcher of the la- 
ser beam welding apparatus shown in FIG. 1. 

As shown in FIGS. 1 and 2, a laser beam welding 
apparatus 10 according to the present invention com- 5 
prises eight welding units 1 2A - 1 2H disposed in a weld- 
ing station, a feed mechanism 14 for feeding a work- 
piece W, which is an automobile body, to the welding 
station, and a pair of workpiece position measuring cam- 
eras 16A, 16B, which may be position measuring units io 
such as CCD cameras or the like, disposed one on each 
side of the workpiece W, for measuring the position of 
the workpiece W introduced into the welding station. 
The workpiece W is introduced into the welding station 
by being carried on a carriage 20 and securely clamped is 
thereon by a plurality of clamps 1 8. The welding unit 1 2A 
serves to weld a roof of the workpiece W transversely 
thereof W. The welding unit 12A comprises a laser os- 
cillator 22 (laser beam emitting device) for emitting a la- 
ser beam Lto be applied to the workpiece W at a location 20 
to be welded, a laser beam transmission passage 24 for 
providing beam paths for the laser beam L, two scan 
heads 26, 28 disposed in the laser beam transmission 
passage 24, and a beam path switcher 30 for changing 
beam passages for the laser beam L. " 25 

The scan head 26 and the beam path switcher 30 
are of a structure shown in FIG. 3. As shown in FIG. 3, 
the beam path switcher 30 has a casing 32 disposed in 
the laser beam transmission passage 24 and a beam 
path switching mirror 34 housed in the casing 32 for se- 30 
lectively reflecting the laser beam L into the scan head 
26. The beam path switching mirror 34 is movable into 
and out of the laser beam transmission passage 24 in 
the directions indicated by the arrow by an actuating 
mechanism 36 such as a solenoid or the like. When the 3S 
beam path switching mirror 34 is retracted out of the la- 
ser beam transmission passage 24 by the actuating 
mechanism 36, the laser beam L travels along the laser 
beam transmission passage 24 into the scan head 28. 
When the beam path switching mirror 34 is moved into 40 
the laser beam transmission passage 24 by the actuat- 
ing mechanism 36, the beam path switching mirror 34 
reflects the laser beam L into the scan head 26. 

The scan head 26 has a casing 40 fixed to the beam 
path switcher 30 by a laser beam transmission passage 45 
38 and a casing 42 coupled to the casing 40 by a turning 
mechanism which allows the casing 42 to turn in the di- 
rections indicated by the arrow a with respect to the cas- 
ing 40. The casing 40 houses a reflecting mirror 44 
therein. The turning mechanism comprises a worm so 
wheel 46 and a rotation guide 46 which are fixedly dis- 
posed around an end of the casing 40 which is coupled 
to the casing 42. The worm wheel 46 is held in mesh 
with a worm 52 which is supported by a bracket 50 fix- 
edly mounted on the casing 42. The worm 52 can be ss 
rotated by a stepping motor 54 mounted on the bracket 
50, which is engaged by the rotation guide 48. 

The casing 42 houses a pair of reflecting mirrors 56, 



58 therein. The laser beam L wbifih is reflected by the 
beam path switching mirror 34 through the laser beam 
transmission passage 38 into the casing 40 is reflected 
successively by the reflecting mirrors 44, 56, 58 to travel 
along a path which is defined in the casing 42 by a par- 
abolic mirror 60 as a converging mirror, two reflecting 
mirrors 62, 64, an elliptical mirror 66, and two scanning 
mirrors 68, 70. The reflecting mirrors 62, 64 are support- 
ed by a frame 72 at a predetermined angle formed be- 
tween the reflecting mirrors 62, 64. The frame 72 is mov- 
able back and forth in the directions indicated by the ar- 
row A by a stepping motor 74 that is connected to the 
frame 72. The scanning mirrors 68, 70 can be deflected 
in respective different directions indicated by the arrows 
(3, yby servomotors (not shown). 

As shown in FIG. 1, the welding units 12B, 12C 
serve to weld opposite side panels, respectively, of the 
workpiece W vertically. The welding units 12B, 12C 
have respective laser oscillators 76, 78 for emitting re- 
spective laser beams L, respective laser beam trans- 
mission pas6ages~30r-82 for providing beam paths for 
the laser beams L, respective pairs of scan heads 84, 
86 and 88, 90 disposed in the laser beam transmission 
passages 80, 82, respectively, and respective beam 
path switchers 92, 94 for changing beam passages for 
the laser beams L. As shown in FIG. 2, the welding unit 
12D, which serves to weld the roof of the workpiece W 
longitudinally thereof, has a laser oscillator 96 for emit- 
ting a laser beam L, a laser beam transmission passage 
98 for providing beam paths for the laser beam L, two 
scan heads 100, 102 disposed in the laser beam trans- 
mission passage 98, and a beam path switcher 104 for 
changing beam passages for the laser beam L The 
welding units 12E, 12F serve to weld an engine hood, 
front and rear window frames, and a trunk lid of the work- 
piece W longitudinally thereof. The welding units 12E, 
12F have rejpectjve laser oscillators 108, 110 for emit- 
ting respective laser beams L, respective laser beam 
transmission passages 112, 114 for providing beam 
paths for the laser beams L, respective pairs of scan 
heads 116,118 and 1 20, 1 22 disposed in the laser beam 
transmission passages 112, 114, respectively, and re- 
spective beam path switchers 124, 126 for changing 
beam passages for the laser beams L. The welding units 
12G, 12H serve to weld front and rear panels, respec- 
tively, of the workpiece W vertically. The welding units 
12G, 12H have respective laser oscillators 128, 130 for 
emitting respective las er^be^ ms L, respective laser 
beam transmission passages 1 32, 1 34 providing beam 
paths for the laser beams L, and respective scan heads 
136, 138 for deflecting the laser beams L. The scan 
heads 28, 84, 86, 88, 90, 100, 102, 116, 118, 120, 122, 
136, 138 are identical in structure to the scan head 26, 
and the beam path switchers 92, 94, 204, 1 24, 1 26 are 
identical in structure to the beam path switcher 30. 
Therefore, the scan heads 28, 84, 86, 88, 90, 100, 102, 
116, 118, 120, 122, 136, 138 and the beam path switch- 
ers 92, 94, 204, 124, 126 will not be described in detail 
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below. 

Operation of the laser beam welding apparatus 10 
will be described below. 

The workpiece W clamped on the carriage 20 by 
the clamps 18 is introduced into the welding station by 
the feed mechanism 14. The workpiece W positioned 
and fixed in the welding station is then imaged by the 
workpiece position measuring cameras 16A, 16B dis- 
posed one on each side of the workpiece W. the position 
of the workpiece W in the welding station is measured 
on the basis of image information of corners of a front 
window opening, corners of a rear window opening, and 
central pillar reference points of the workpiece W, which 
image information is captured by the workpiece position 
measuring cameras 16A, 16B. Any positional deviation 
or error of the workpiece W is calculated from the meas- 
ured position of the workpiece W and predetermined po- 
sitional information, and fed back to the scan heads 26, 
28, 84, 86, 88, 90, 100, 102, 116, 118, 120, 122, 136, 
138. 

The scan heads 26, 28, 84, 86, 88, 90, 100, 102, 
116, 118, 120, 122, 136, 1 38 then start welding the work- 
piece W according to teach data as corrected with re- 
spect to the positional deviation or error supplied there- 
to. 

Specifically, as shown in FIG. 3, the stepping motor 
54 of the scan head 26 of the welding unit 1 2A is ener- 
gized to rotate the worm 52 meshing with the worm 
wheel 46, rotating the casing 42 in one of the directions 
indicated by the arrow a with respect to the casing 40. 
As a result, the scan head 26 is angularly positioned with 
respect to the roof of the workpiece W, and is ready to 
weld the roof of the workpiece W. 

The laser beam L emitted from the laser oscillator 
22 travels through the laser beam transmission passage 
24 and is reflected by the beam path switching mirror 
34 of the beam path switcher 30 into the scan head 26. 
In the scan head 26, the laser beam L is reflected by the 
reflecting mirrors 44, 56, 58, and reflected and con- 
verged by the parabolic mirror 60. The laser beam L is 
then reflected by the reflecting mirrors 62, 64 to the el- 
liptical mirror 66, which converges the laser beam L. At 
this time, the reflecting mirrors 62, 64 are moved in the 
directions indicated by the arrow A based on corrective 
data for the positional deviation of the workpiece W. At 
the same time, the laser beam L is deflected by the scan- 
ning mirrors 68, 70 which are angularly moved in the 
directions indicated by the arrows (3, t by the non-illus- 
trated servomotors, for thereby welding the workpiece 
W at a plurality of welding spots thereon based on the 
teach data. 

When the welding process carried out by the scan 
head 26 is completed, the beam path switching mirror 
34 is retracted out of the laser beam transmission pas- 
sage 24 by the actuating mechanism 36. The laser 
beam L from the laser oscillator 22 now travels along 
the laser beam transmission passage 24 through the 
beam path switcher 30 into the scan head 28. The scan 
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head 28 deflects the laser beam L to weld the roof of the 
workpiece W at a plurality of other wsBing spots thereon 
in the same manner as the scan head 26. 

Since the workpiece W can be welded at a plurality 
of welding spots thereon simply by deflecting the laser 
beam L with the scan heads 26, 28, the time required to 
move the laser beam L with respect to those welding 
spots is greatly reduced. Furthermore, because the 
scan heads 26, 28 are selectively supplied with the laser 
beam L emitted from the common laser oscillator 22 
simply by moving the beam path switching mirror 34 
back and forth, the welding unit 12A takes up a relatively 
small installation space and can be manufactured rela- 
tively inexpensively. The scan heads 26, 28 with the op- 
tical elements housed therein can be spaced widely 
apart from the workpiece W, the scan heads 26, 28 do 
not suffer spatters that are produced when the work- 
piece W is welded and hence can weld the workpiece 
W under good welding conditions. In addition, inasmuch 
as the laser beam L is used to weld the workpiece W, 
the scan heads 26, 28 are free of the problems of adhe- 
sion of welding tips to the workpiece W and wear of 
welding tips which would otherwise take place with the. 
resistance spot welding apparatus, and do not require 
a maintenance procedure such as for welding tip dress- 
ing. The scan heads 26, 28 can thus weld the workpiece 
W highly efficiently. 

The other welding units 12B - 12H weld the work- 
piece W in the same manner as the welding unit 12A. 

As described above, each of the scan heads 12A - 
12H, once it has angularly been adjusted with respect 
to the workpiece W, is not required to be moved in its 
entirety during a welding process, and only the scanning 
mirrors 68, 70 and the focus or optical-path-length ad- 
justing mirrors 62, 64 in the scan head are controlled to 
weld the workpiece W quickly and efficiently over a 
welding area which may be of a size of about 800 mm 
X 800 mm: Because eaeh scan head is selectively sup- 
plied with the laser beam L emitted from the common 
laser oscillator, the welding unit takes up a relatively 
small installation space and can be manufactured rela- 
tively inexpensively. 

Moreover, inasmuch as the laser beam L is used to 
weld the workpiece W, each of the scan heads is free of 
the problems of adhesion ot welding tips to the work- 
piece W and wear of welding tips which would otherwise 
take place with the resistance spot welding apparatus. 
Since a pair of scan heads is capable of welding the 
workpiece at a plural ity-o f o* ufro thereon, the number of 
scan heads that need to be equipped in the welding sta- 
tion is minimized. Consequently, investments in the 
welding facility and an installation space required by 
such scan heads are also minimized, and the process 
of teaching the scan heads beforehand is simplified. 
Each of the scan heads, which comprises a beam de- 
flecting optical system and a beam converging optical 
system, can apply a laser beam from a position spaced 
widely apart from the workpiece, and hence is free from 
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spatters which are produced when the workpiece is 
welded. 

Although a certain preferred embodiment of the 
present invention has been shown and described in de- 
tail, it should be understood that various changes and s 
modifications may be made therein without departing 
from the scope of the appended claims. 



Claims io 
1. A laser beam welding apparatus comprising: 



welded on the workpiece, a ca sing which houses 
said beam deflecting optical system and said beam 
converging optical system therein, and a turning 
mechanism (46, 52, 54) for turning said casing 
about an axis. 

7. A laser beam welding apparatus according to claim 
1 , wherein said beam path switcher comprises a 
beam path switching mirror (34) movable into and 
out of said laser beam transmission passage, for 
guiding the laser beam to the selected one of said 
scan heads. 



2. A 
1, 
be 

the laser beam to said location to be welded on the 
workpiece, and a beam converging optical system 
(60, 62, 64, 66) for converging the laser beam onto 
said location to be welded on the workpiece. 

35 

3. A laser beam welding apparatus according to claim 

2, wherein said beam deflecting optical system 
comprises a plurality of scanning mirrors (68, 70) 
for deflecting the laser beam. 

40 

4. A laser beam welding apparatus according to claim 

3, wherein said plurality of scanning mirrors com- 
prise two scanning mirrors (68, 70) angularly mov- 
able in respective different directions. 

45 

5. A laser beam welding apparatus according to claim 
2, wherein said beam converging optical system 
comprises a pair of reflecting mirrors (62, 64) for ad- 
justing the length of a beam path for the laser beam 
and a pair of converging mirrors (60 : 66) for con- 50 
verging the laser beam. 

6. A laser beam welding apparatus according to claim 
1, wherein each of said scan heads comprises a 
beam deflecting optical system for guiding the laser ss 
beam to said location to be welded on the work- 
piece, a beam converging optical system for con- 
verging the laser beam onto said location to be 



8. A laser beam welding apparatus according to claim 
1 , further comprising a feed mechanism (1 4) for in- 
troducing the workpiece into the welding station, 
and a position measuring device (16A, 16B) dis- 
posed in said welding station, for measuring the po- 
sition of the workpiece in the welding station, the 
arrangement being such that a position in which the 
workpiece-is scanaed by the laser beam guided by 
each of said scan heads is corrected out of a devi- 
ation based on a positional deviation of said work- 
piece which is measured by said position measur- 
ing device. 

9. A laser beam welding apparatus according to claim 
8, wherein said position measuring device compris- 
es a pair of cameras (16A, 16B) for measuring said 
positional deviation of said workpiece with respect 
to a reference point on the workpiece according to 
image information captured thereby. 



a laser beam emitting device (22, 76, 78, 96, 
108, 110, 128, 130) for emitting a laser beam is 
(L) to be applied to a location to be welded on 
a workpiece (W) in a welding station; 
a plurality of scan heads (26, 28, 84, 86, 88, 90, 
100, 102, 116, 118, 120, 122, 136, 138)forguid- 
ing the laser beam (L) to said location to be 20 
welded on the workpiece (W); and 
a beam path switcher (30, 94, 104, 124, 126) 
disposed in respective a laser beam transmis- 
sion passage between said laser beam emitting 
device and said scan heads, for guiding the la- 25 
ser beam to a selected one of said scan heads. 

laser beam welding apparatus according to claim 
wherein each of said scan heads comprises a 
3am deflecting optical system (68, 70) for guiding 30 
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